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APPELLANTS' APPEAL BRIEF 



Dear Sir: 



This appeal is taken from the final rejection dated October 6, 2003 in which 
Claims 1-8 were rejected under 35 U.S.C. § 103(a) as being unpatentable over the 
Applicant's background text, McComas (U.S. Patent No. 5,167,721) and Carr (U.S. 
Patent No. 4,731,125). Also, claims 1-8 were rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Shiembob, Ryan or Ackerman (U.S. Patent Nos. 4,433,845, 4,409,054, 
and 4,218,066 respectively) in view of McComas (U.S. Patent No. 5,167,721) and Carr 
(U.S. Patent No. 4,731,125). 
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Real Party In Interest 

The real party in interest in the above-referenced application is: 
Pratt & Whitney Advanced Systems Technologies, Inc. 
(formerly WATERJET SYSTEMS, INC.) f)^nt> 
HuntsviUe, Alabama 35807 I 

Related Appeals and Interf erencesP ^ ^^^T^fj 
This case, now pending for over nine (9) years, was the subject ecision of 
Board of Patent Appeals and Interferences February 20, 2003. The Board did not sustain 
the Examiner's rejection and remanded the case back to the Examiner for further 
consideration. The Examiner issued an Office Action on May 7, 2003 rejecting all of the 
pending claims. An Amendment and Response was filed by the Applicants on August 
7, 2003 and the Examiner finally rejected the claims in an Office Action dated October 6, 
2003. 



There are no other related appeals or interferences of which Appellants are 
aware regarding the above-referenced application. 



Status of the Claims 

Claims 1-8 are pending in this application. (A copy of the claims as finally 
rejected is attached as Exhibit A.) Claims 1-8 stand rejected by the Examiner under 35 
U.S.C. § 103 and are presented to the Board in this Appeal. 



Status of Amendments 



Subsequent to the Board's February 20, 2003 decision, an Amendment dated 
August 7, 2003 has been entered in the case. 



Summary of the Invention 

With reference to Fig. 1 and page 7, line 29 - page 8, line 2 of the specification, the 
present invention is directed to the removal of metal honeycomb 1 and associated 
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braze from a substrate 3 using high pressure liquids. The metal honeycomb has a base 
and a ribbon direction la, and is typically fixed to the substrate by braze. 

The method comprises directing a pressurized liquid at an angle 0 of less than 
about 90° between the liquid and the substrate 3, e.g., the liquid travels in a direction 
^ that is not perpendicular to the surface of the substrate. The liquid is directed through at 
least one orifice of a nozzle 5 such that the liquid forms a liquid stream 7 upon exiting 
the nozzle. The liquid stream 7 is directed to strike the substrate 3 at the base of the 
honeycomb 1, and remove the honeycomb and associated braze from the substrate. 

Various prior art methods exist for removing honeycomb from a substrate. 
(0 Conventional methods are substantially limited to machining and grinding techniques, 
chenucal immersion and de-brazing using heat. These methods often have undesirable 
results such as irreparable damage to the substrate, thus rendering the substrate 
unsuitable for re-use. 

In contrast, the novel method of the present invention utilizes a pressurized 
{; liquid stream directed to strike the substrate at the honeycomb base, where the 
honeycomb joins the substrate. In this manner, the liquid stream removes the 
honeycomb and braze from the substrate without damaging the substrate, such that 
the substrate can be re-used. 

Issues 

Did the Examiner err in concluding that, under 35 U.S.C. § 103(a), Claims 1-8 are 
j unpatentable over Applicant's background text, McComas (Exhibit B) and Carr, (Exhibit 
C) and, conversely, over Shiembob (Exhibit D), Ryan (Exhibit E) or Ackerman (Exhibit 
F) in view of McComas and Carr. 

Grouping of the Claims 

Claim 1 is independent; claims 2-8 depend directly upon claim 1. 
^ Claims 1-8 stand or fall together. 
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Background: 

As mentioned above, the present case has been pending for nine years. 
Previously, the Examiner issued a final office action that the Applicant appealed to the 
Board of Patent Appeals and Interferences (the "Board"). The Board concluded that the 
Examiner^s grounds of rejection were improper and remanded the case to the Examiner 
for further consideration. The Examiner has once again issued a final office action in the 
present case. The Examiner, however, has presented essentially the same rejection that 
the Board found untenable in its first decision. As such, the Applicant now appeals the 
Examiner's second final rejection as argued below. 

Set forth below is a summary of the previous final Office Action, the Board's 
prior decision as compared with the current final Office Action; the subject of this 
Appeal. In essence, the Board overturned the rejections from the previous final Office 
Action noting the shortcomings of the applied references. In the current final Office 
Action, however, the Examiner has repackaged the exact same references with a new 
reference from non-analogous art whose teachings are less material than those already 
applied by the Examiner in formulating the previous rejections that were not sustained 
by the Board. 

The Previous August 15, 2000 Final Office Action: 

The Examiner issued a final Office Action dated August 15, 2000, (the "2000 Office 
Action.) (Exhibit G). In the Office Action, the Examiner rejected Claims 1-8 under 35 
U.S.C. § 103(a) in view of the combination of McComas (U.S. Patent No. 5,167,721), 
Ryan (U.S. Patent No. 4,409,054), Ackerman (U.S. Patent No. 4,218,066) and/or 
Shiembob (U.S. Patent No. 4,433,845). 

In the 2000 Office Action, the Examiner states that although McComas lacks a 
honeycomb as the form of the coating, McComas teaches that the disclosed 
method encompasses removal of abradable seals which are used in gas turbine 
engines. The Examiner further states that regarding the honeycomb, Shiembob, 
Ryan, and Ackerman all teach that a honeycomb, braze and substrate are well 
known abradable seals in the art for gas turbine engines. Therefore, it would 
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have been obvious to the ordinary artisan at the time of the instant invention to 
provide the method of McComas with the honeycomb as taught by either 
Shiembob, Ryan or Ackerman in order to facilitate the removal of the 
honeycomb from the substrate during maintenance. 

The Applicant's previous arguments to the Board regarding the 2000 Office Action. 

As successfully argued to the board, the Examiner failed to establish a prima facie 
case of obviousness in accordance v^ith MPEP §§ 2142 and 2143 through the 
combination of McComas, Ryan, Ackerman and/or Shiembob. The cited references 
contain no suggestion or motivation to modify the reference or to combine the 
reference teachings. Moreover, the suggestion or motivation to combine the references 
cannot be found in knov^ledge generally available to one of ordinary skill in the art. 

The teachings of Schiembob, Ryan, Ackermann and McComas have been 
discussed at length in numerous papers during the prosecution of the present case and 
are summarized below. 

McComas is directed to a method for removal of coating materials, and in 
particular the removal of abradable, wear resistant, and thermal barrier coating 
materials which have been applied by either sintering powders or fibers, or by plasma 
spraying, utilizing liquid jet erosion. 

In Ryan honeycomb structures, such as those used in turbine engine abradable 
seals, are provided with a uniform density filling of a suitable abradable material. The 
abradable material is prepared as a tape preform using an organic binder. The preform 
is forced into the honeycomb using a rubber tool. 

Ackerman is directed to an apparatus for impeding the leakage of a gaseous 
medium between rotating and stationary components of a gas turbine engine. Wide 
channel sealing techniques are discussed in combination with honeycomb facing 
materials. 
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Shiembob is directed to the manufacture of a seal for a row of turbine blades in 
which the seal is a honeycomb seal and a layer of insulation is positioned in the cells of 
the honeycomb by flame spraying. A process for accomplishing the deposition of the 
insulation is also described. 

Specifically, contrary to the Examiner's statement that "the honeycomb is another 
form of an abradable seal that is a ''coating'' for which McComas method is to be applied", the 
lack of any reference whatsoever to honeycomb in the McComas patent, points to the 
conclusion that it would not have been obvious - even to those highly skilled in the art. 
McComas is directed to "the removal of coating materials, and specifically to the 
removal of abradable, wear resistant, and thermal barrier coating materials which have 
been applied by either sintering powder or fibers, or by plasma spraying, utilizing 
liquid jet erosion." See Technical Field McComas, Col. 1, line 10. A honeycomb 
structure is not such a coating, as was well known by those skilled in the art at United 
Technologies Corporation. Likewise there is no teaching or suggestion in Shiembob, 
Ryan or Ackerman relevant to honeycomb removal. 

Moreover, there was no reasonable expectation of success as honeycomb has 
very different erosion characteristics from the sprayed and sintered coatings discussed 
in McComas. The methods typically employed to remove sprayed and sintered 
coatings such as plasma, rubber, fibermetal and epoxy materials from base materials 
such as nickel, steel, titanium, and aluminum are not generally applicable to honeycomb 
removal. 

Finally, the cited references do not teach or suggest all of the claim limitations. 
No combination of the cited references teach or suggest positioning the pressurized 
liquid to strike the substrate at the base of the honeycomb as in claim 1 of the present 
invention. In McComas, the liquid stream is directed towards and impinges on the 
topmost, exposed surface of the non-honeycomb coating, not the substrate (FIG. 1). 
Accordingly, McComas teaches away from the invention as defined in claim 1, in which 
a liquid stream strikes the substrate at the base of the honeycomb. Furthermore, neither 
Shiembob, Ryan or Ackerman make any reference whatsoever to removing 
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honeycomb from a substrate by any process, let alone a process in which a "... liquid 
stream strikels] the substrate at the base of the metal honeycomb'' as claimed in the present 
application. 

The Board's Prior Decision: 

The Board did not sustain the rejection of the claims under 35 U.S.C. § 103(a). 
The Board held that the combined teachings of the prior art applied by the Examiner 
would only suggest that one of ordinary skill in the art of removing honeycomb and 
braze from a substrate would have done so by directing a liquid stream at the top of 
the honeycomb until the braze is exposed, as set forth by McComas. As the Board 
noted, the deficiency in the Examiner's rejection was the lack of any suggestion in the 
applied prior art for the recitation as set forth in Claim 1 of the liquid stream "striking 
the substrate at the base of the honeycomb." Indeed, the Board noted that only the 
Applicant's disclosure, and not the applied prior art of record, taught or would have 
suggested of the liquid stream striking a substrate at the base of the honeycomb. A 
copy of the Board's Decision is attached as Exhibit H. 

Discussion 

The Examiner has reopened prosecution in this case as a result of the Board's 
decision of February 20, 2003 and the remand set forth therein. The Examiner has set 
forth new grounds for rejection in a final Office Action dated October 6, 2003. (Exhibit 
I). The Examiner now relies on a combination of the foregoing references deemed by 
the Board to be insufficient in its Decision of February 20, 2003 together with U.S. Patent 
No. 4,731,125 to Carr to formulate the present rejection. Carr, however, lacks any 
reference to the step deemed lacking in the Examiner's combination of references the 
Board previously determined to be inadequate. 

Specifically, claims 1-8 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over the prior art as set forth in the specification, page 1, lines 8-28 and in 
view of McComas et al. and Carr. Thereafter, claims 1-8 have been rejected by the 
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Examiner under 35 U.S.C. § 103(a) as being unpatentable over Schiembob, Ryan or 
Ackermann in view of McComas et al. and Carr. 

The Examiner's newly added reference, Carr, is non-analogous art and lacks any 
reference to the step deemed lacking in the Examiner's combination of references the 
Board previously determined to be inadequate. Specifically, Carr when combined with 
the cited references does not teach or suggest a liquid stream striking a substrate at the 
base of the honeycomb. 

The new reference Carr discloses a method for blast cleaning paint and other 
adhesive coatings from composite surfaces formed from a reinforced matrix material. 
A special soft media is used at a relative low pressure to prevent damage to the soft 
composite material. A preferred method calls for the use of the media having a Mohs 
scale hardness number of 3.0 or less. The media is pressurized to approximately 40 psi 
and directed at the composite surface to be cleaned. 

It is instructive to review the substance of the Board's February 20 decision. In 
that opinion, the references that were applied by the Examiner were the same 
references cited above, but for the addition of Carr. In sum, claims 1-8 stood rejected 
by the Examiner under 35 U.S.C. §103(a) as being unpatentable by McComas in view of 
Schiembob, Ryan or Ackermann. They were also rejected on the same grounds as 
being unpatentable over Schiembob, Ryan or Ackermann in view of McComas. 

As discussed above, the Board did not sustain the rejection of the claims under 35 
U.S.C. § 103(a) on either grounds. The Board held that the combined teachings of the 
prior art applied by the Examiner would only suggest that one of ordinary skill in the 
art of removing honeycomb and braze from a substrate would have done so by 
directing a liquid stream at the top of the honeycomb until the braze is exposed, as set 
forth by McComas. As the Board noted, the deficiency in the Examiner's rejection was 
the lack of any suggestion in the applied prior art for the recitation as set forth in Claim 
1 of the liquid stream "striking the substrate at the base of the honeycomb". Indeed, the 
Board noted that only the Applicant's disclosure, and not the applied prior art of record. 
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taught or would have suggested of the liquid stream striking a substrate at the base of 
the honeycomb. 

The Examiner now has applied the same references in the same manner as 
previously rejected by the Board, but now augments these references with Carr. Carr, 
however, for the reasons stated below, is not analogous art and whose technical field, 
parameter ranges and thrust of teaching is well outside of those of the references of 
record. Moreover, Carr lacks any reference to the step deemed lacking in the 
Examiner's combination of references the Board previously determined to be 
inadequate 

As an initial matter, Carr represents a clear case of non-analogous art. As is 
known by the Examiner, a reference must be considered as a whole, for all that it 
teaches. When viewed in its entirely, the problem that Carr addresses and the 
technology used by Carr to solve its problem are far removed from that of the other 
combined references, and certainly the present invention. One skilled in the art of 
honeycomb removal brazed onto jet engine turbine blades would simply not look to 
paint removal schemes for guidance. Secondly, even if Carr may be combined with the 
references of record, its teachings fail to provide any additional suggestion of the 
present invention. Carr provides no new teachings when compared with McComas. 

Unlike the present invention and cited references, Carr discloses a method 
directed to the removal of paint while avoiding damage to soft substrate like 
composites. See col. 2, 1 4-6. In fact, Carr is titled "Media Blast Paint Removal System". 
Consequently, unlike the present invention, the Carr method is for removing soft 
homogenous materials, like paint, that are not robustly fastened to the surface of an 
easily damaged substrate. 

Additionally, the Carr method utilizes blast media to remove paint, as opposed 
to a fluid stream as in the present invention, so the choice of blast media is critical, (see 
col. 3, lines 16-17). Significantly, the stream itself contributes nothing to the removal 
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process. In Carr, the particles used for the paint removal are preferably entrained in an 
air stream generated by a pneumatic sand blaster (col. 3, line 47). 

Moreover, Carr steers those skilled in the art further away from the present 
invention by distinguishing his method from conventional sand or bead blasting 
techniques in urging the use of lower pressures than are utilized in these known 
processes. See col. 3, line 54). In sharp contrast to the present invention, Carr suggests 
an extremely low pressure of only 40 lbs. per square inch at the nozzle to avoid 
substrate damage. By the time the stream strikes the surface, the pressure has dropped 
substantially, and paint removal is accomplished by the impact of the beads on the 
paint. 

Unlike the present invention and cited references, Carr discloses a media fluid 
stream presented to the work piece at an angle from the vertical. The reason for the 
inclusion an angle in the presentation of the air stream and media is, as noted in column 
4, to avoid putting excessive force into the surface of the composite, and thereby cause 
substrate damage. See lines 47-50. In addition, a non-vertical angle allows larger 
numbers of entrained media particles to strike broader areas of paint since a greater 
surface area is presented (by simple geometry) to the media stream. See Carr, col. 4, 
lines 64 et seq. As such, the Carr is nonanalogous art and may not be combined with 
the cited references and applied to the present invention. 

Furthermore, any attempt to combine the teachings of Carr with the teachings 
of McComas et al. would be either ineffective, destructive or both. Inclusion of soft 
glass beads into the present water jet would be completely ineffective at the pressures 
and with the materials sought to be removed by McComas and that of the present 
invention. Media and the use of the fluid pressures taught by the present invention 
with the composite structures of Carr would simply result in the obliteration of the 
composite. The adjustment of the angle of the glass bead stream in Carr is to ensure 
that minimal energy is put into the substrate surface itself. With the present invention, 
however, the angle must be selected to effectively attack in a highly focused way the 
very base of the honeycomb, two entirely different technical considerations. In light of 
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the above, Carr is clearly non-analogous art and teaches away from the present 
invention. 

Additionally and significantly, even if Carr is combinable with the previously 
cited references, Carr does not teach or suggest a liquid stream striking a substrate at 
the base of the honeycomb. As disclosed, the Carr method is limited to a general, 
unfocused presentation of the media stream to a painted surface, with the only 
criticality noted being the need to avoid the presentation of media to the cleaned 
surface (and thereby avoiding damage). The relevant text in Carr on this point is found 
at col. 3, lines 52-55 which state "[t]his is generally done by angling away from a 
perpendicular direction the media flow with respect to the target surface so that the 
leading edge of the coating being removed is exposed to the force of the media flow." 
(emphasis added). 

The "edge" referred to by Carr is the boundary line between the painted and 
cleaned areas on the target. No reference of any kind is made to the substrate /layer 
interface. Fig. 2 is consistent with this interpretation, as is the claim language. Note the 
air stream (plus media) in Fig. 2 is presented only generally to the area requiring paint 
removal and the adjacent clean surface, encompassing portions of the top surface of 
paint as well as the just-cleaned target. The claims also support this understanding - not 
a singly claim refers to an "edge" or any characteristic thereof. 

« 

Carr specifically teaches that the best method of cleaning is to direct the media 
flow primarily at areas of paint and, as part of the process, redirect the media flow to 
other unremoved areas whenever removal in the first area has been substantially 
accomplished. See Carr, col. 5, lines 3, et seq. In this way, "exposure of cleaned and 
therefore unprotected composite surface to the full force of the media blast is 
minimized". Also, Carr claims his method will remove only one of a plurality of layers 
from an area, leaving the inner layer(s) and substrate intact. See Carr, col. 5, lines 33-36. 

There is no mention in Carr of a "painted surface - cleaned substrate interface" or 
of any importance thereof in the cleaning process, because it is of no particular import 
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in a paint removal application. It is only in the present technical context, metal 
honeycomb brazed to a metal substrate, does this interface becomes important since 
the non-homogenous braze - honeycomb structure to be removed presents a unique 
set of technical parameters, and honeycomb braze removal by a liquid jet was not 
attempted previously. Not surprisingly, there is no recognition in Carr of directing the 
stream to the "substrate at the base of the honeycomb" as in claim 1 of the present 
invention. 

In the present method, the pressures of the fluid sufficient to remove 
honeycomb and braze without damaging the underlying dense metal substrate need to 
be extreme. Also the present method intrinsically requires a very high-pressure liquid 
jet whose pressures are in the range of tens of thousands of pounds per square inch, 
many orders of magnitude beyond the pressure range taught by Carr. Secondly, there 
is no media used with the present method. The liquid stream alone attacks the 
honeycomb seal where it is adhered to the substrate surface; that is at the braze-seal 
intersection, without cutting into the substrate. 

Carr provides neither new technical content nor impetus towards the present 
invention. In that respect, Carr is less material than the previously applied references, 
especially McComas. The substrate and pressures taught by McComas are much closer 
technically to the present application than Carr, as is the discussion of angular 
presentation of the jet. McComas is therefore cumulative of Carr. 

In sum, the teachings of McComas et al. taken together with Schiembob, Ryan or 
Ackermann in view of McComas et al. have been dealt with unambiguously by the 
Board in the February 20 decision and have been found to be deficient in providing a 
sound evidentiary basis for concluding the claimed method to be obvious. The 
Examiner has added Carr, which on its face is not analogous art, and which by itself or 
in combination with the cited references fails to hint or suggest the key step of 
presenting the liquid stream at the base of the honeycomb. Carr is clearly less material 
that McComas. As Carr lacks any reference to the step deemed lacking in the 
Examiner's combination of references the Board previously determined to be 
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inadequate, the present rejection is no more than duplicative of the rejection not 
sustained in the Decision of February 20, 2003. It should considered deficient again. 
Applicants request the Board allow the pending clainns and, at long last, pass this case to 
issue. Early notice of the same is respectfully requested. 



Conclusion 

In view of the foregoing, Appellants request that the Board reverse the 
Exanniner's rejection of claim 1. Since claims 2-8 depend from claim 1 and include all of 
the limitations of this claim, claims 2-8 are patentable over the McComas and reference 
for at least the same reasons discussed above in connection with claim 1. Accordingly, 
Appellants also request that the Board reverse the Exanriiner's rejection of dependent 
claims 2-8. 



The fee of $310.00 required under 37 C.F.R. §1.1 7(c) for submission of this Appeal 
Brief is enclosed. Please charge any deficiency in fee associated with the Petition and 
Appeal Brief to our Deposit Account No. 13-0235. 

Appellants' Appeal Brief is being filed in triplicate. 

Favorable consideration is respectfully requested. 



Respectfully submitted. 





evm Lirogam, itsq. 
torney for Applicants 
egistration No. 31,961 



McCORMICK, PAULDING & HUBER LLP 

CityPlace II 

185 Asylum Street 

Hartford, Connecticut 06103-4102 

Tel. (860)549-5290 

Fax. (413)733-4543 
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7 PENDING CLAIMS 

^•J 

1. A method for removing metal honeycomb and braze from a substrate, 
said honeycomb having a base and a ribbon direction, comprising: directing a 
pressurized liquid at an angle of less than about 90° between the Hquid and the 
substrate, through at least one orifice of a nozzle such that the liquid forms a liquid 
stream upon exiting the nozzle, the liquid stream striking the substrate at the base of the 
honeycomb, thereby removing the honeycomb and braze from the substrate, whereby 
the substrate may be reused. 

2. A method as in Claim 1 further comprising the step of forming a laminar 
liquid flow out of the nozzle, wherein said nozzle has an orifice and a bore which 
connects said orifice to a liquid supply, with said bore having sufficient length such that 
a flow of liquid from said liquid supply attains a laminar flow prior to exiting said 
orifice. 



3. A method as in Claim 1 wherein the pressure of the liquid stream is above 
about 20,000 psi (about 1379 bar). 

4. A method of Claim 1 wherein the pressure of the liquid stream is above 
about 30,000 psi (about 2068 bar). 

5. A method of Claim 1 wherein the pressure of the liquid stream is above 
35,000 psi (about 2413 bar) to about 60,000 psi (about 4137 bar). 

6. A method as in Claim 1 wherein said angle is about 35° to about 65°. 

7. A method as in Claim 1 wherein said angle is about 40° to about 60°. 

8. A method as in Claim 1 wherein said liquid stream strikes the base 
honeycomb in the ribbon direction. 
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[57] ABSTRACT 

Gas turbine engine coatings must often be removed 
during engine maintenance and repair. The techniques' 
utilized to accomplish this task, machining, chemical 
stripping, machining followed by chemical stripping, or 
grit blasting, frequently result in component damage or 
destruction. Liquid jet erosion can be utilized to remove 
seals, coatings, or portions thereof without damaging 
the engine hardware. 

13 Claims, 2 Drawing Sheets 



U.S. Patent Dec. 1,1992 sheet 1 of 2 5,167,721 




U.S. Patent Dec, l, 1992 Sheet 2 of 2 5,167,721 



FIG. 2 




5,167, 

1 

LIQUID JET REMOVAL OF PLASMA SPRAYED 

AND SINTERED 

The Government has rights in this invention pursuant 5 
to a contract awarded by the Department of the Air 
Force. 

This application is a continuation of Ser. No. 
07/441,666 filed Nov. 27, 1989 now abandoned. 

TECHNICAL FIELD 

This invention relates to the removal of coating mate- 
rials, and specifically to the removal of abradable, wear 
resistant and thermal barrier coatmg materials which 
have been applied by either sintering powder or fibers, 15 
or by plasma spraying, utilizing liquid jet erosion. 

BACKGROUND ART 

Various types coatings and sintered materials are 
used in numerous, applications, such as in gas turbine 20 
engines to increase efficiency and/or protect compo- 
nents from heat and wear. Types of materials include 
thermal barrier coatings, abrasive coatings, abradable 
seals, and hard facing; hereafter referred to as coatings. 

Since excessive blade/case clearances and disc/ vane 25 
clearances within turbine engines allow the escape of 
gases which decreases engine efficiency, an abradable 
seal can be applied to minimize the clearances between 
the rotating and the stationary components. Thermal 
barrier coatings can be utilized, to provide protection 30 
against high temperatures, while abrasive coatings can 
be used to prevent detrimental rub interactions and hard 
facing can be used to reduce wear. 

Some coatings are applied by plasma or flame spray- 
ing; introducing particles (usually powders) into a hot 35 
gas stream or flame (respectively) which causes the 
particles to splat onto the substrate surface where they 
adhere and build up as a coating. Application of parti- 
cles (i.e. AB-I) or short wires (i.e. Feltmetal TM ) onto a 
substrate; by pre-sintering or partial sintering and then 40 
brazing, can be used . to produce abradable coatings 
comprised of bonded particles, wires, or powders and 
void spaces; while bond coats can be produced by 
plasma spraying or vapor deposition. Bond coats are 
usually used in plasma spray and vapor deposition appli- 45 
cations; a bond coat being a layer of metallic composi- 
tion applied to the substrate before the coating is ap- 
plied. U.S. Pat. Nos. 3,542,530, 3,676.085, 3,754,903. 
3.879,831. 3,928,026, and 4.704.332, (incorporated 
herein by reference) describe various coatings, while 50 
U.S. Pat. Nos. 3,413,136, 4,055.705. and 4,321,311 (in- 
corporated herein by reference) describe application 
techniques.. 

A common characteristic of these types of coatings is 
that the coating strength (cohesive strength) is rela- 55 
tively low; plasma sprayed or partially sintered particles 
are not well bonded to each other and there is usually 
porosity present. The strength of the coating is less than 
that of the substrate. 

During engine maintenance, these coatings must fre- 60 
quently be removed; a process difficult to reliably pre- 
form and which frequently results in substrate damage. 
Various techniques have been employed for the re- 
moval of coatings: machining, chemical stripping, ma- 
chining followed by chemical stripping (see for example 65 
U.S. Pat. Nos. 4.339.282. and 4,425.185; incorporated 
herein by reference), and grit blasting. For example, 
machining followed by chemical stripping requires that 
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the component be held stationary while a machining 
tool removes the majority of the coating, A chemical 
solution, usually either a very strong acid or base, is 
then applied to the coating surface to disintegrate the 
remaining coating material. This technique requires 
extreme precision; without proper hardware alignment 
during machining damage to the substrate material oc- 
curs, while the chemical solution used tends to attack 
the substrate material. This process is also time consum- 
ing and labor intensive. Additionally, the chemical step, 
can produce hazardous waste. The individual processes 
of chemical stripping and machining also have the 
above described problems. 

Another commonly used method, abrasive or grit 
blasting, also often results in damaged or destroyed 
components. This process consists of projecting abra- 
sive particles in a compressed air stream against the 
coating. Since this technique requires immediate termi- 
nation upon substrate exposure to prevent damage, it 
requires sicilled operators. 

Liquid jets above 10,000 psi, to the best of our knowl- 
edge, have not been utilized in the removal of coatings. 
Relatively low pressure liquid jets. 2,000 to 3,000 psi, 
have been applied in areas such as: cleaning applica- 
tions, nuclear contamination removal, concrete scarify- 
ing, and barnacle and hull fouling removal, but not in an 
inorganic coating removal process. 

Accordingly, an objective of this invention is to pro- 
vide a convenient, cost effective, environmentally safe 
technique of removing coatings. 

DISCLOSURE OF INVENTION 

The present invention involves the removal of coat- 
ings utilizing a liquid jet erosion process. The liquid jet. 
while striking the coating at an angle, traverses the 
region, removing the coating. Depending on the liquid 
pressure, the liquid stream erodes the abradable seal/- 
thermal barrier with virtually no damage to the bond 
coat (if present), or can remove both the abradable 
seal/thermal barrier and bond coat simultaneously 
without substrate damage. 

The invention process can be used to remove plasma 
sprayed and sintered coatings whose cohesive strength 
is significantly less than that of the substrate. 

The foregoing and other features and advantages of 
the present invention wUl become more apparent from 
the following description and accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a basic embodiment of this invention. 

FIG. lA is a cross-section of FIG. 1 which reveals 
the various layers of the coating. 

FIG. 2 shows the results of utilizing a liquid jet re- 
moval process at varying pressures. 

BEST MODE FOR CARRYING OUT THE 

INVENTION 

The removal of coatings using current techniques is a 
diflicult. inexact process. It requires skilled technicians, 
a substantial amount of time, expensive equipment, and 
frequently, the component is destroyed. 

The removal of the coating, bond coat, or both with- 
out damage to the substrate material can be achieved 
with a liquid jet erosion technique; making it a viable 
alternative to the prior art. 

As previously mentioned, this invention uses a liquid 
jet erosion process to remove coatings. Critical parame- 
ters (see FIG. 1) include the nozzle distance from the 
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coating, and the liquid pressure. Depending on equip- 
ment and pressure constraints, the nozzle can be placed 
up to approximately 6 or even 12 inches from the coat- 
ing surface, however, lesser distances arc preferred, 
with 1 to 3 inch especially preferred. 

The angle between the liquid jet and similarly the 
liquid contact, and the coating is a matter of preference. 
An angle of between 20* to 90* can be used, with an 
angle of between 30' and 90* preferred, and an angle of 
about 45* esp ecially pref erred (see FIG. 1). The angle , 
no'f TcOTcaT pifamScpcauscs the liquid to remove the 
coairngTragnacnts from the region where the jet im- 
pacts IHeTcdatmgSTT^ direction of irotation effects the 
flrapnentTScation post-removal. It is preferred to rotate 
the component such that it causes the liquid stream to 
move toward the smaUcst angle formed between the 
liquid stream and the component. Although this is 
merely a matter of preference, this rotation directions 
helps to remove the fragments from the interaction zone 20 
thereby ensuring that they to do not interfere with the 
process. 

FIG. 1 is one embodiment of the invention. The liq- 
uid stream (5) contacts the coating (1) at the preferred 
angle, approximately 45*. Additionally, the component 25 
(10) rotates such that the liquid stream (5) moves 
toward the smallest angle between the liquid stream (5) 
and the component (10) (see arrows (lA)). 

The liquid stream can consist of any liquid having a 
viscosity between 0.25 centipoise and 5.00 centipoise at 
25* C. and 1 atm and which will not damage the bond 
coat or substrate material, including water based liq- 
uids. Higher viscosity liquids tend to present flow prob- 
lems with respect to spraying the liquid at high pres- 
sures, while lower viscosity liquids can be difficult to 
pressurize, possibly increasing equipment costs. Water, 
viscosity approximately 0.95 centipoise at 25' C. and 1 
atm, is preferred for reasons of cost and waste disposal. 
Additives, such as wetting agents, or various chemicals 40 
which will degrade the coating without damaging the 
component, may also be useful. 

A water jet pressure sufficient to remove the top coat 
and/or the top coat and the bond coat is required. Since 
pressures greater than about 60,000 psi will damage 45 
most gas turbine substrate materials, lower pressures 
must be used. The optimum liquid pressure ranges from 
about 20,000 to about 60,000 psi, >yith about 25,000 to 
about 40,000 psi preferred. The factors which determine 
the exact pressure required include the type of top coat 
and if the coating is to be removed down to the bond 
coat or to the substrate, (see FIG. lA; top coat (1) and 
bond coat (2)). Exact pressure limits are also related to 
nozzle geometry and spacing, and to the specific sub- 
strate involved. In practice, the skilled artisan can 
readily determine the pressure which causes substrate 
damage and/or the pressure which causes bond coat 
removal, and reduce this pressure to arrive at a suitable 
process pressure. 

FIG. 2 shows the effects of varying pressures when 
using this invention. As the pressures decreased, from 
run (A) to (D), the amount of seal removed also de- 
creases, to the point where the abradable seal/thermal 
barrier is removed with virtually no damage to the bond 65 
coat, (D). 

This invention will be made clearer with reference to 
the following illustrative examples. 
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EXAMPLE 1 

The following procedure is used to remove a plasma 
sprayed hard face coating, top coat and bond coat, 
(consisting of 20 v/o of an 80 nickel. 20 chromium alloy, 
balance chromium carbide) from a substrate material. 

1 . The coated substrate material is arranged such that 
relative motion can be produced between it and the 
water jet nozzle. 

2. The water jet nozzle is placed so that the exit enr' 
of the nozzle is about i inch from the coatin g anc ; 
the water stream contacts the coatin g at an angle o\ 
45' (refer to FIG. 1). " 

3. The water pressure is 40,000 psi. 

4. Relative motion is created between the water 
stream and the coatin g^ suclLlhat-as-th^ coating is 
removcdjhc-ceffiponent advances to the next re- 
gion to be removed. 

5. The removal time is dependant upon the surface 
area of the coating. The time will raiige from 5 
minutes to 10 minutes for typical gas turbine engine 
components. 

EXAMPLE 2 

A sintered abradable coating (consisting of approxi- 
mately 65 v/o nickel, 35 v/o chrome, balance alumi- 
num) can be removed by following the specifications set 
forth in Example 1, while substituting a pressure of 
35,000 psi for the 40.000 psi in step 4. 

This process can be used for any coating which has 
strength less than that of the substrate, by adjusting the 
pressure such that it removes the top coat without bond 
coat damage, or the bond coat without substrate dam- 
age, allowing reuse of the bond coat and substrate or the 
substrate respectively. 

Although this invention has been shown and de- 
scribed with respect to detailed embodiments thereof, it 
will be understood by those skilled in the art that vari- 
ous changes in form and detail thereof may be made 
without departing from the spirit and scope of the 
claimed invention. 

We claim: 

1. A method for removing a top coat from a bond 
coating adhered to a substrate, utilizing a liquid jet, said 
liquid jet having means for directing the liquid jet, 
means for creating sufficient pressure to remove the 
coating, means to provide the relative motion between 
the coating and the liquid jet, and means for supplying 
the liquid, which comprises: 

a. creating sufficient pressure to remove the coating; 

b. providing relative motion between the coating and 
the liquid jet; 

c. supplying the liquid;^ 

^"~^ie iiquldstriking the top coat causes top coat 
erosion until the bond coat is exposed; 
whereby the bond coat and the substrate suffer essen- 
tially no damage and can be reused. 

2. A method as in claim 1 wherein the top coat is 
selected from the group of plasma sprayed, flame 
sprayed, and sintered coatings. 

3. A method as in claim 1 wherein the top coat is an 
abradable. 

4. A method as in claim 1 wherein the top coat is a 
thermal barrier. 

5. A method as in claim 1 wherein the top coat is an 
abrasive. 
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6. A method as in claim 1 wherein the coating is a 
hard facing. 

7. A method as in claim 1 wherein the liquid pressure 
is from about 20.000 psi to about 60,000 psi. 

8. A method as in claim 1 using a nozzle as the means 
for directing the liquid flow. 

9. A method as in claim 1 wherein the liquid is se- 
lected from the group of liquids consisting of all liquid 
which does not degrade the bond coat, and has a viscos- 
ity between about 0.25 centipoise and about 5.00 centi- 
poise at 25* C. and 1 atm. 
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10. A method as in claim 1 wherein the liquid is se- 
lected from the group consisting of water based liquids. 

11. A method as in claim 1 wherein the liquid is essen- 
tially water. 

12. A method as in claim 1 wherein the angle between 
the liquid stream and the top coat is between 20' and 
70*; whereby the angle causes the liquid stream to clean 
away the coating fragments. 

13. A method as in claim 1 further comprising the 
step of removing the bond coating, wherein the sub- 
strate material suffers essentially no damage. 
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[57] ABSTRACT 

A method is described for blast cleaning paint and other 
adhesive coatings from composite surfaces formed of a 
reinforced matrix material. A special soft media is used 
at a relatively low pressure to prevent damage to the 
soft composite material. The preferred method calls for 
the use of a media having a Mohs scale hardness number 
of 3.0 or less. The media is pressurized to approximately 
40 p.s.i. and directed at the composite surface to be 
cleaned. A method of optimizing the cleaning action is 
also described. 
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MEDIA BLAST PAINT REMOVAL SYSTEM 

Pateni Images jiijj ij a continuation of Ser. No. 601,805. filed Apr. 

19, 1984, now abandoned. S 

BACKGROUND OF THE INVENTION 

This invention relates generally to systems for remov- 
ing adherent material, such as paint or other coverings, 
from surfaces, and more particularly to nonchemical iO 
surface cleaning systems employing mechanical blast. 

For various types of structures and equipment, it is 
often necessary or desirable to remove the layer or 
layers of coatings which have been appliol to surface 
areas. Numerous techniques exist for removing paint, 15 
sealants, lacquers and other adherent materials from 
virtually any type of surface. Surface cleaning or strip- 
ping methods range from mechanical abrasion to the use 
of strong chemicals, and involve varying degrees of 
time, effort and expense. For any given type of coating, 20 
the character and function of the substrate material 
from which a coating is to be removed ususally dictates 
the stripping method, at least in industrial settings. 
Hard, durable surfaces, such as heavy steel plating, can 
be cleaned or stripped by relatively fast abrasive meth- 25 
ods, such as sand blasting. More delicate surfaces may 
require careful chemical removal to prevent damage or 
destruction of the substrate. 

A certain class of materials, generally called compos- 
ites, present special problems which have heretofore 30 
required the use of expensive and hazardous chemical 
treatments to remove surface coatings. Composites are 
usually made of a matrix material, such as plastic or 
epoxy, which often contains fibers such as glass strands, 
graphite, kevlar or the like for reinforcement. Layers of 35 
the material are laminated together or pressed onto a 
honeycomb base to form structural material. Compos- 
ites are strong and light and are increasingly used in 
aircraft and other manufactured products where weight 
savings are important Because composites usually have 40 
surfaces which are softer than metals, removal of paint 
or other coatings from composites must be done care- 
fully to avoid excessive abrasion or chemical damage. 

The greatest costs in both time and money associated 
with stripping and cleaning composites are probably 45 
encountered in the maintainance of modem aircraft, 
which incorporate large areas of exterior surface 
formed of composites. Airlines and the military spend 
large amounts chemically stripping paint and other 
coatings from aircraft, in preparation for repainting. SO 
The weight savings from stripping generally justifies 
the enormous expenditure in man-hours to strip an air- 
craft using chemicals and sanding. 

Recent developments have indicated the effective- 
ness of a new stripping technique, similar to sand blast- S5 
ing, which is quicker and safer than chemical stripping. 
The system uses a granular media consisting of numer- 
ous particles of a plastic material accelerated to high 
speed and directed against the surface to be cleaned. 
The media particles can be of various sizes, depending 60 
on the application, and can be accelerated to produce a 
continuous media flow using conventional sand blasting 
equipment. This system has been shown to be highly 
effective in removing paint and other coatings from 
harder surfaces, such as metal, and also for deburring 65 
and other finishing processes and the like. It is far safer 
than chemical stripping, presents no hazardous waste 
disposal problems, and greatly reduces the man-hours 



and expense of surface cleaning. Blast cleaning with 
plastic media has been shown to be effective on the 
metal parts of aircraft, but was not previously consid- 
ered suitable for stripping composites. Due to the rela- 
tive softness of composites, as compared to metal, plas- 
tic media blast cleaning by prior art methods tended to 
score, abrade or otherwise damage composite surfaces 
to an unacceptable degree. Until the development of a 
blast cleaning method which solves such problems, 
aircraft and other surfaces made of composites have bad 
to be cleaned and stripped by laborious and expensive 
prior art techniques. 

It would be advantageous to have a less hazardous 
and more economical method of cleaning and stripping 
composite surfaces. The use of blast cleaning techniques 
for cleaning composites would be especially desirable 
since it would greatly reduce the cost and time for such 
cleaning. Any blast cleaning method used on compos- 
ites must, however, not result in damage to the compos- 
ite surface. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a sur- 
face cleaning method for removing adherent material 
from composite surfaces formed of a reinforced matrix 
material. Steps in the method include the provision of a 
granular media substantially composed of particles of a 
material which has a Mohs scale hardness number 
lower than 3.5. The media is then accelerated using 
media propelling means to produce a substantially con- 
tinuous media flow at a media outlet having a pressure 
of approximately 40 pounds per square inch or less at 
the media outlet. The media is directed at a target com- 
posite surface to be cleaned. Adherent material is re- 
moved from the target composite surface by the action 
of the media without damage to the composite surface. 

In its preferred form, the method includes the use of 
a flexible tube and nozzle to direct the media at the 
target composite surface. The media flow is directed at 
a selected angle with respect to the composite surface to 
optimize the cleaning action. Steps are also set. forth 
which minimize the possibility of damage to the under- 
lying composite surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially schematic plan view of a system 
for performing the media blast surface cleaning method 
of the present invention. 

FIG. 2 is a magnified cross-sectional view illustrating 
the removal of adherent layers from a composite sub- 
strate in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention is specifically directed to 
media blast cleaning of composite surfaces made up of a 
reinforced matrix material, and provides a system for 
removing paint and other coating from such surfaces. 
As discussed above, the term composites, as used 
herein, refers to a class of increasingly important struc- 
tural materials which possess the qualities of strength 
and lightness. "Reinforced matrix material" describes 
the general configuration of composites, in which rein- 
forcing fibers are embedded in a matrix of polyester, 
polyurethane, vinyl ester, epoxy resin or another suit- 
able matrix. The reinforcing fibers can be formed of 
graphite, glass, Kelvar (trademark) or other equivalent 
fibers. The making of structural panels or shapes from 
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composites generally includes bonding layers of the 
reinforced matrix sheets onto a honeycomb core, result- 
Patent ^st^ a tough, strong and lightweight material which 
resists impact and corrosion. If the honeycomb core is 
..absent, the composite is fabricated as a solid laminate. S 

Despite their strength, composites have a relatively 
soft surface, compared to most metals, and are suscepti> 
ble to wear and damage through abrasion. For this 
reason, prior art blast cleaning methods such as sand 
blasting cannot be used to remove adherent coatings 10 
from composites. The cleaning system of the present 
invention provides a method of cleaning and stripping 
composites which avoids damaging the relatively soft 
surface while permitting the use of efficient blast clean- 
ing techniques. . 15 

A first step in the method is to provide a suitable blast 
cleaning media. It has been discovered that the most 
effective media for use on composites, which avoids 
surface damage when properly applied, is a plastic 
media with very specific properties. The media is com- 20 
posed of particles of a material having a Mohs scale 
hardness mumber of approximately 2.5 to 3.0. Particle 
hardness should not exceed a Mohs hardness of 3.3, as 
this has been found to damage composite surfaces. Plas- 
tic has been found to be the most suitable material for 25 
the media. Urea formaldehyde or . another thermoset 
plastic can readily be formed into granular particles for 
this purpose. A Mohs hardness of 3.0 is substantially 
softer than other blast media, such as sand, which has a 
Molus hardness of 7, It is the relative softness of the 30 
' media, in combination with the method desribed below, 
which prevents damage to composite surfaces; A suit- 
able commercially available media which can be used 
with the present invention is Poly extra (trademark) 
Blast Cleaning Media, manufactured by the U.S. Plastic 35 
and Chemical Corporation. 

Blast media such as Polyextra are generally classified 
as to particle size by U.S. standard sieve sizes. While it 
is not believed to be critical, media with a sieve size of 
20-^30 is known to be suitable for use with the present 40 
inventioiL It is anticipated that media having sieve sizes 
ranging from 12- 1 6 to 60-80 can be used, with the selec- 
tion of the size being based on the particular application. 

The next step in the method is to accelerate the media 
to a flow which is effective for blast cleaning. Accelera- 45 
tion can be accomplished by a suitable media propelling 
means; such as a pneumatic sand blaster, or similar de- 
vice. Preferably, the media propelling means will, have 
a movable media outlet such as a nozzle, which allows 
the media flow to be directed over a target composite 50 
surface area to be cleaned. The media propelling means 
should produce an output pressure for. the media flow of 
approximately 40 pounds per square inch (p.s.i.). That is 
a lower pressure than is used in most sand blasting oper- 
ations. Conventional sand blasters can often be modified 55 
to output media at 40 p.s.L' by a simple adjustment, oi*, in 
some cases, by the addition- of a pressure regulator to 
the equipment. Although the pressure of the media flow 
need not be exactly 40 p.s.i. to practice the present 
invention, it is important that pressures substantially 60 
higher than 40 p.s.il not be used since higher pressures 
tend to damage composites. A suggested range for the 
pressure of the media flow at the output nozzle , is be- 
tween 35 and 45 p.s.i. 

FIG. 1 illustrates a typical configuration for practic- 65 
ing the present invention. Pressure blast cleaning equip- 
ment is illustrated generally at 10. An example of such 
equipment suitable for use with the present invention is 



the pressure blast cleaning equipment manufactured by 
Clonco Industries. Such equipment includes a reservoir 
of media 12 to be accelerated. Pneumatic pressure blast 
cleaners also include an inlet line 14 from a source of 
pressurized air or other gas (not shown). A pressure 
regulator 16 may also be provided to reduce the inlet 
pressure supplied through Une 14. The outlet from 
media propeller 10 includes a long flexible tube or hose 
20 through which the pressurized media flows. At the 
end of hose 20 is a- nozzle 22 which serves as a media 
outlet and as a means for directing the media flow 24 
emerging from the nozzle. The media flow 24 will be a 
mixture of pressurized air or other pressurizing gas and 
the media particles, which will emerge in high volume 
and at relatively high speed. For the purposes of prac- 
ticing the present invention, media flow 24 will be sub- 
stantially continuous.and have a pressure at nozzle 22 of. 
approximately 40 p.s.i. . 

The diameter of nozzle 22 determines the diameter of 
media flow 24. A larger nozzle size requires a greater 
volume of pressurized air at inlet line 14 and prodtices a 
. correspondingly larger volume of media flow at nozzle 
22. Nozzle sizes of { inch and i inch have been proved 
effective with the present invention, although larger 
sizes can be used if pressure blast equipment of sufficient . 
capacity b available. Regardless of the nozzle size, it is 
anticipated that the media flow will be conflned by 
nozzle 22 to a diameter which is substantially smaller 
than the size of the target composite surface 28 to be 
cleaned. As such, the media flow will be directed over 
the target composite surface in the manner described 
below in order to remove adherent material from sur- 
face 28. . 

Directing media flow 24 at the target composite sur- 
face constitutes the next step in the method of the pres- 
ent invention. It is anticipated that in most applications 
of the present invention the surface to be cleaned will be 
stationary and the nozzle .will be moved to clean the 
surface. For example, in cleaning composite surfaces on 
an aircraft fuselage or the like, a person holding the 
nozzle will direct the media flow over the target surface 
in a varying manner until the surface is cleaned. 

In order to remove paint and other adherent material 
efficiently from composite surfaces, it is preferable that 
the path of the media flow against.the target surface be 
optimized. An optimal path of media flow will be one in 
which the angle and direction of the media flow pro- 
duces highly efTicient removal, of adherent material 
from the surface without damage to the composite sur-. 
face. This is generally done by angling the media flow 
away from a perpendicular direction with respect to the 
target surface so that the leading edge of the coating 
being removed is exposed to the force of the media 
flow. FIG. 2 illustrates ah optimal path of media flow 
with respect to a target composite surface 2S: Assuming 
there are two adherent layers of paint 30 and 32 to be 
removed from surface 28, an pptinial path of media flow 
will be approximately as shown in FIG. 2. The media 
flow will be directed at the leading edge 34 of layer 30 
and also against leading edge 3ti of layer' 32. The angle 
37 of the media flow with respect to perpendicular 38 is 
increased to increase the rate of removal of layers 30 
and 32 It has been found that an increase in angle 37 
results in more media particles being available to dis- 
lodge the adherent layers at the leading edge. For this 
reason, it is preferred that angle 37 be increased until the 
observed efiectiveness of the removal action is maxi- 
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mized, and that angle then becomes the optimal path of 
media flow. 

Patent hnages^*''*^*'^ prefcTTcd step in the cleaning process is the 
emctent redirection of the media flow over the target 
composite surface until the entire surface is cleaned. It 
has been foimd that this is best accomplished by direct- 
ing the media flow primarily at areas of adherent mate- 
rial remaining to be removed, and then redirecting the 
media flow to other unremoved areas whenever re> 
moval in (he first area i3 substantially accomplished. In 
this way, exposure of cleaned, and therefore unpro* 
tected* composite surface to the full force of the media 
blast is minimized. During the entire cleaning process, 
an optimal path or angle of media flow is preferably 
maintained. Only at the start of the cleaning process or 
at other times when obstrucdons prohibit selection of an 
angle for the media flow will it be best to keep the 
media flow perpendicular to the target surface. At other 
times, the maintenance of an optimal path in response to 
the observed cflcctiveness of action of the media flow 
will produce the most eflKient and eflecdve surface 
cleaning action by the media flow. 

The above-described process for the removal of ad- 
herent material from composite surfaces has proven to 
be superior to prior art surface cleaning techniques. 
Media blast eliminates entirely the need to use hazard- 
ous chemicals for surface cleaning, Not only , is there a 
substantial savings of both time and labor, but the 
health, safety, pollution and disposal problems associ- 



accelerating said media using media propelling means to 
produce a substantially continuous media flow for blast 
cleaning paint from a target composite surface without 
damaging the underlying composite surface, including 
3 producing said substantially continuous media flow at a 
pressure of 40 pounds per square inch or less at a media 
outlet, and directing said media flow at the target com- 
posite surface whereby paint is removed by the action 
of said media flow. 
10 2. A method as in claim 1 includmg providing a noz- 
zle at said media outlet which confines said media flow 
to a portion of said target composite surface, and then 
directing said media. flow in a varying manner over said 
target composite surface until the paint to be cleaned 
IS from said target composite surface is removed. 

3. A method as in claim 2 in which said step of accel- 
erating said media using media propelling means further 
includes directing the resultant media flow along a flexi- 
ble tube toward said nozzle such that said nozzle is 

20 freely movable with respect to said target composite 
surface. 

4. A method as in claim 3 including the step of main- 
taining the target composite surface stationary while 
moving said nozzle to direct said media flow in a vary- 

25 ing manner over said target composite surface. 

5. A method as in claim 1 which said step of directing 
said media flow at a target composite surface includes 
selecting an optimal path of media flow against said 
target composite surface by selecting the angle at which 

ated with chemical paint stripping are entirely elimi- 30 said media flow strikes said target composite surface to 



oated. Other advantages of composite surface cleaning 
by the present invention include the ability to selec- 
tively remove outer layers of material while having 
underlying layers intact. This can be done by carefully 
directing the media flow at an area only until the de- 
sired layers are removed, leaving remaining layers in- 
tact While such selective removal cannot be performed 
in some circumstances, such as where an underlying 
layer is too soft to remain intact, it is virtually impossi- 
ble to perform selective removal with chemicals. 

The composite surface cleaning system can be modi- 
fied to meet the needs of particular situations. For exam- 
ple, the blast pressure media particle size and angle of 
media flow can all be modifled within the limits de- 
scribed above in order to facilitate efficient cleaning 
without, damage to the composite surface. Small 
angled nozzles can be employed in confined areas qf>^o 
reach otherwise inaccessible parts of a composite ku: 
face. Other modifications within the scope of this invei 
tion include the use of other types of media propellin 
means or of other means to direct the media flow. 

The invention provides a less hazardous and more 
economical method of cleaning and stripping paint and 
other adherent materials from composite surfaces. The 
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40 




optimize the removal of painL 

6. A method as in claim 5 including the steps of pro- 
viding a nozzle at said media outlet which confines said 
media flow to a portion of said target composite surface, 
and directing said media flow over said target compos- 
ite surface by moving said nozzle with respect to said 
target composite surface, including maintaining a sub- 
stantially optimal path of media flow while redirecting 
said media flow over said target composite surface. 

7. A method as in claim 6 in which said step of direct- 
ing said media flow over said target composite surface 
while maintaining a substantially optunal path of media 
flow further includes providing a pattern of direction 
for said media flow which includes directing said media 
low primarily at areas of paint remaining to be re- 
! lOved and redirectingMidm^jiaJ]^^ 
iibstantiaiiy'aeecrffi'iilisned to "other areas of paint re- 
maining to be removed in a substantially continuous 
cycle whereby exposure of cleaned areas of said target 

composit e surface to said mftHia flnw is minin^jy,f*f*^ - 

-SrA Oiethod as in claun d m wmch said step of accel- 
erating said media using media propelling means further 
includes directing the resultant media flow along a flexi- 



ble tube toward said nozzle such that said nozzle is 

method allows for the use of efficient blast cleaning 55 freely movable with respect to said target composite 

techniques without damage to relatively fragile com- surface. 

posite surfaces. 9. A method as in claim 8 further including varying 
What is claimed is: the direction of said media flow with respect to said 
1. A method of removing paint from the surface of target composite surface in a substantially continuous 
composite structuial material which b formed of 60 manner until the paint to be cleaned are removed from 
bonded Layers of a fiber reinforced matrix, in which the the entire target composite surface, 
matrix is a type of material selected from the group 10. A method as in claim 8 including the step of main- 
consisting of polyester, polyurethane and epoxy and the taining the target composite surface stationary while 
reinforcing fibers are strands selected from the group moving said nozzle to direct said media flow in a vary- 
consisting of glass, graphite and Kevlar, the method 65 ing manner over said target composite surface, 
comprising the steps of: providing a granular plastic 11. A method as in claim 5 in which the selection of 
media consisting of particles of plastic material having a an optimal path of media flow iitcludes increasing the 
Mohs scale hardness number in the range of 15 to 3.5, angle away from a perpendicular direction at which. 
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said media flow strikes said target composite surface pressurizing said media means of pneumatic pres- 

Patent Imi^^he effectiveness of the media flow in removing 
paint is maximized. 



sure. 



13. A method as in claim 1 in which said step of pro- 
vidmg a granular plastic media includes providing a 



.5 media formed of granular particles of urea formalde- 
• 12, A method as m claun 1 m which said step of accei- hyde. 

erating said media using media propelling means in- « • • a * 
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[57] ABSTRACT 

The application discloses the manufacture of a seal for a 
row of turbine blades in which the seal is a honeycmb 
seal and a layer of insulation is positioned in the cells of 
the honeycomb by flame spraying. A process for ac- 
complishing the- deposition of the insulation is also de- 
scribed. 

6 Claims, 3 Drawing Figures 
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INSULATED HONEYCOMB SEAL 

DESCRIPTION 

1. Technical Field ^ 
This invention relates to honeycomb type of seals for 

gas turbine engines in which the seal that surrounds a 
row of blades in the engine is at least partially filled with 
an insulating material to reduce the th^mal gradients in 
the turbine case and thus minimize contact between the 
blades and the seal. 

2. Background Art 

To reduce the gas path seal clearances during engine 
transients attempts have been made to insulate the seals 
and their supports to reduce the thermal response of the 
parts. Where the seal is a honeycombed material the 
honeycomb has been filled with a paste form of insula- 
tion which is then brazed or sintered to set and bond the 
material. This procedure is difficult to monitor to assure 
a uniform filling of the honeycomb with the result that 20 
there is uneven insulation throughout the. honeycomb. 
When it is desirably only to partially fill the honeycomb 
in certain installations, a uniform filling to the extent 
desired is even more difficult. 

DISCLOSURE OF INVENTION 

One feature of the invention is the application of the 
coating of the insulating material as a powder by flame 
spraying this powder to the desired depth of thickness 
in the cells of the seal. Another feature is the use of a 30 
NiCrAl/bentonite powder as the insulating material. 
Another feature is the use of this powder in flame spray- 
ing applications which provide the desired bond and 
insulating properties as well as the desired hardness of 
the coating. . 35 

According to the invention a suitable insulating 
poweder is deposited to the desired depth or thickness 
in the honeycomb seal by flame spraying the powder 
into the cell structure of the honeycomb. The desired 
insulating powder is a NiCrAl/bentonite powder in 40 
which the particles consist of a bentonite core coated 
with a mbcture of NiCrAl, The principal feature of the 
invention is the application of an insulating powder to 
the cells of a honeycomb by a flame spraying procedure 
by which to assure a uniform application of the insulat- 45 
ing coating to the desired depth in the honeycomb and 
to produce an insulating structure that has the desired 
characteristics without further treatment beyond the 
flame spraying. 

The foregoing and other objects, features and ad van- 50 
tages of the present invention will become more appar- 
ent in the light of the following detailed description of 
the preferred embodiment thereof as shown in the ac- 
companying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a fragmentary sectional view through a 
turbine showing the location of the honeycomb seal. 

FIG. 2 is an enlarged sectional view showing the 
coating applied to the seal 60 

FIG. J is an enlarged sectional view of the seal. 

BEST MODE FOR CARRYING OUT THE 

INVENTION 

Referring to FIG. 1 the honeycomb seals 2 and 4 are 65 
shown as supported by a seal ring 6 positioned within 
the turbine casing 8. The seal 2 has a smaller diameter 
than the seal 4 and engages the shrouds 10 of the turbine * 



blade 12 adjacent to the leading edges of these shrouds. 
The seal 4 has a larger diameter and surrounds and is 
closely adjacent to a central rib 14 on the shrouds. De- 
sirably the seals have a minimum of clearance with the 
shrouds to reduce the leakage of gas past the seals and 
the honeycomb material is selected, as a seal since it will 
wear away readily in the event of contact with the blade 
shrouds during engine transients without any detrimen- 
tal effect on the turbine. 

It is desirable to reduce the heat transfer from the gas 
going through the turbine to the seals thereby reducing 
the rate of change in diameter of the seals during engine 
transients. As above stated this has been done by manu- 
ally packing an insulatmg material in paste form into the 
honeycomb seals. Such a procedure is time consuming 
and does not result in a uniform distribution of the paste 
in the openings of the seal particularly, if the seal open- 
ings are to be only partially filled. To provide a better 
and more dependable insulation it has been found that 
suitable insulating powders may be flame spirayed into 
the seal and will produce the desired uniform insulating 
effect with the desired depth of insulation in the honey- 
comb spaces or cells. Further the flame spraying pro- 
duces a better adherence of the insulating material with 
more uniform insulating properties. The rriaterial is also 
cured to the desired hardness by the flame spraying 
thereby avoiding any further heat treatment of the seal 
with the insulation therein. 

Referring now to FIG. 2 the seal 2 being honeycomb 
has openings or spaces 16 therein extending radially and 
the outer ends of these spaces or cells are closed by the 
surrounding seal ring 18. To accomplish the desired 
insulation of this seal a suitable insulating powder hav- 
ing desired insulating characteristics is flame sprayed 
into the spaces or cells to the desired length. In the 
particular seal shown the cell dimension is one-sixteenth 
inch and the height of the honeycomb is 0.100 inch. The 
powder is flame sprayed into the cells to provide insula- 
tion 28 to a depth of 0.050±0.020 inch within the cell. 
It will be understood that these dimensions are given by 
way of example and the cell size or depth of insulation 
are not critical to the invention. 

The preferred powder consists of particles of benton- 
ite which is normally 70% Si02 and 20% AI2O3 by 
weight and these particles are coated with a mixture of 
NiCrAl to produce a composition in the powder of 
chromium 1.5 to 6.5%, aluminum 1.0 to 6.0%, bentonite 
18 to 24%, nickel remainder. It will be understood that 
any insulating powder capable of being applied by flame 
spraying may be used instead of this particular powder 
although it is known that this particular powder pro- 
duces a very satisfactory insulating coating. The seals 
are preferably cleaned before flame spraying to assure a 
cool bond with the insulating material and the powder 
is then sprayed in with conventional spray equipment 
capable of producing the desired coating density. 

The insulating powder may be sprayed on, for exam- 
ple, by a flame sprayer 20 having a nozzle 22 discharg- 
ing a flame 24 against the seal. The powder is applied by 
a tube 26 delivered through the nozzle to enter the 
flame and be deposited on the seal. The nozzle is moved 
axially relative to the seal and parallel to the surface 
thereof while the part is rotating for depositing the 
material. The nozzle is also desirably reciprocated axi- 
ally past the seal during the circumferential movement 
to assure a uniform deposit in all of the cells of the seal. 
The norma! flame spray deposition covers a relatively 
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small area and would not normally be wide enough to 
fill the cells across the entire width of the seal without 
this axial movement. The insulation 28 is shown as ap- 
plied only from the bottom of the cell up to the desired 
depth. It has been found that by flame spraytng in the 5 
manner described substantially none of the insulating 
powder adheres to the side walls of the seal between the 
insulation and the open end of the seal. 

One critical time in turbine operation is during decel- 
eration when the cooler gas passing over the seals and 10 
the support structure causes these structures to shrink 
more rapidly than the rotor with the possibility of seal 
and shroud contact. This particular arrangement of 
insulation reduces the rate of shrinking of the seal to 
avoid this seal and shroud contact. Since engine clear- 15 
ances are set for this condition the use of this insulation 
enables a reduction in the engine design clearances at 
this point and the result is -a higher performance engine 
because of reduced leakage past the seal. 

• Although the invention has been shown- and de- 20 
scribed with respect to a preferred embodiment thereof, 
it should be understood by those, skilled in the art that 
other various changes and omissions in the form and 
detail thereof may be made therein without departing 
from the spirit and the scope of the invention. 25 

. I claim: 

1. In the manufacture of a seal for a row of turbine 
blades the steps of: 

, providing a honeycomb seal with the cells therein 
substantially radial; 30 
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closing the outer ends of the cells by a surrounding 
ring; and 

flame spraying an insulating material into the cells to 
fill at least partially the cells radially inward from 
the outer ends, the insulating material being clay 
particles with an alloy coating and 

curing this material to the desired hardness by the 
heat of the flame spraying. 

2. The process of claim 1 including the step of using 
as the insulating material to be flame sprayed a powder 
in which the particles are NiCrAI/bentonite. 

3. The process of claim 1 in which the particles are in 
the form of a core or bentonite with a NiCrAl coating 
thereon. 

4. A turbine seal for a row of turbine blades including: 
a honeycomb seal ring in which the cells of the hon- 
eycomb extend radially; 

a surrounding ring closing the outer ends of the cells; 
and 

an insulating material positioned in said cells by flame 
spraying ah insulating powder into said cells in 
which the insulating material is a clay base com- 
bined with a metallic alloy, that is heat cured to the 
desired hardness in the flame spraying operation. 

5. A turbine seal as in claim 4 in which the material 
that is flame sprayed is in the form of particles having a 
bentonite core and NiCrAl coating. 

6. A turbine seal as in claim 4 in which the insulating 

material is NiCrAl/bentonite. 

***** 
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[57] ABSTRACT 

Honeycomb structures, such as those used in turbine 
engine abradable seals, are provided with a uniform 
density filling of a suitable abradable material. The 
abradable material is prepared as a tape preform using 
an organic binder. The preform is forced into the hon- 
eycomb using a rubber tool. . 

1 Claim, 4 Drawing Figures 
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als. Other features and advantages will be apparent 

METHOD FOR APPLYING ABRADABLE from the specification and claims and from the accom- 

MATERIAL TO A HONEYCOMB STRUCTURE panying drawings which iUustrate an embodiment of 

AND THE PRODUCT THEREOF the invention. 

5 

TECHNICAL FIELD BRIEF DESCRIPTION OF DRAWINGS 

This invention relates to a method for applying FIG. 1 shows a cross section of an abradable tape and 

abradable material to the cells of a honeycomb structure a honeycomb structure prior to insenion of the abrad- 

and to the resulting filled honeycomb;* able tape. 

. *0 FIG. 2 shows a honeycomb structure after the abrad- 

BACKGROUND ART g^ig ^ape has been partially inserted. 

It is known in the art to use an abradable material in FIG. 3 shows a honeycomb structure after complete 

a rotating machinery application to form a gbod seal insertion of an abradable tape forming a partially filled 

between a moving and a stationary part. This result is honeycomb structure. 

obtained by permitting one part to cut a channel or *^ FIG. 4 shows a honeycomb structure after complete 

groove into the abradable material. In a gas turbine insertion of an abradable tape forming a completely 

engine the abradable material is usually placed on the filled honeycomb structure, 
stationary case and the rotating blades cut a- groove into 

the abradable material. In this fashion the changes that BEST MODE FOR CARRYING OUT THE 

may result from thermal growth and blade creep are INVENTION 

accommodated. Abradable materials ar& often located Xhe present invention relates to honeycomb struc- 

and restrained by being placed in a supporting honey- tures,which are at least partially filled with an abradable 

comb structure. ^ tape and to methods for producing such structures. The 

A typical patent which discloses an abradable mate- honeycomb structure consists of a muUiplicity of hexag- 

rial is U.S.. Pat. No. 3,879»831. The contents of this 25 ^-^^ ^^^^ ^j^.^j^ separated from each other by thin 

patent are mcorporated by reference. This patent dis-. metal cell walls. Each cell is open at one end while the 

^1°^ fJIi^^Kv ^.^^f "^^^^^l^^ ^^""^ ^ ^^^^^ other end abuts a substrate. "Partially filled honeycomb 

f It ■ ' ^ ?f cells", denote a structure having an abradable composi- 

4.20% alummum and 3-15% inert matenal such as ^^^^^ ^^^^ ^^^^^^^ ^ ^^^3 j„ 

diatomaceous e^rth, boron nitride silica glass, nuca. 30 ^ ^^.^^^ ^^^.^^ ^^.^^ ^^^^^^ 

vermicuute asbestos, molybdenum disulfide, graphite, the to of the cell 

cobalt oxide, cerium oxide and zinc oxide. Up to 3% of a l j ui ^ • i i r ^ • i l 

. * c • Abradable materials are a class of materials charac- 

a metal selected from the group consisting of yttrium, ^ . . . i_ j r 

hafnium and lanthanum may also be added. Table 1 in f "^^^ by a high degree of porosity oxidation resis- 

the patent lists the abradable. material components and 35 ^^"^i conductivity and the ability to be 

the preferred part^icle sizes. Coated diatomaceous earth ^^^"^^ ^^^^^^ ^^^^ ^ 1^^*^^,^^. ^'f '^ ^^P^^^, 

which is referred.to is a product of the Sherrit-Gordon ?,^^^'*^^^\^f \ 

Corporation consisting of diatomaceous earth which 3,879,831 and 3,817,719. The exact abradable material 

has been coated with nickel or an alloy of nickel and "^^ '^ ^ depends on the particular 

chromium. 40 applicaUons. 

Siinilar t^chings are found in U.S. Pat No. 3,817,719 Braze materials are a class of relatively low melting 

which is also incorporated herein by reference. Such P^^^^ materials often based on nickel or gold with addi- 

• known abradable rtiaterikis have been applied to honey- ^io"^ of various melting point depressanU. The particu- 

cbmb structures by mixing the dry constituents with a t>raze material used will depend in part on the abrad- 

liquid binder such as cellulose nitrate to iform a paste 45 ^^^^ material and the substrate composition, 

■and then packiiig the mate^ The present invention employs a pliable composite 

With this niethod of applying the material to the honey- tape preform consisting of a thin layer which contains a 

comb stnibtiii-e viarious difficulties have been encoun- substantial quantity of a metallic braze material and a 

tered./ The uniformity of application is quite variable; thinner layer comprised of the abradable material. The 

consequently, when a complete filling of the cells is 50 composition tape may be produced using the teachings 

desired; it'may not be consistently achieved. The results of U.S. Pat. No. 3,293,072 which is incorporated herein 

depend to a large extent on thie skill of the operator. by reference. This patent shows how a tape preform 

Further, for those applications which require a partial may be produced using a removable carrier film as a 

fill of the honeycomb cells, so that only the bottom half substrate and employing an organic polymer such as 

of the cells contain the abradable material, this tech- 55 polyvinyl alcohol or polymethacrylates along with a 

nique is not capable of producing the desired results. smaller amount of a volatile plasticizer such as sucrose- 
acetate isobuty rate, dibutylphthalate or diethyl-oxalate, 

DISCLOSURE OF INVENTION . use ^ith the polymethacrylate binders, and glycer- 

An object ofthis invention is to provide a pliable tape ine. for use with the polyvinyl alcohol binders. The 

preform consisting of at least one region which contains 60 powder material is formed into a slurry with the binder, 

an substantial amount of a braze material and a second plasticizer and acetone, as solvent, applied as a thin 

region which is composed primarily of an abradable layer to the removable substrate and then heated to 

material. Another object of this invention is to disclose remove the solvent. 

application techniques for using this preform to produce The present invention will be better understood 

honeycomb structure which is either partially or com- 65 through reference to the illustrative figures which ac- 

pletely filled with abradable material. Yet another ob- company the specification. FIG. 1 is a cross-sectional 

ject of this invention is to provide a honeycomb struc- view of the honeycomb structure and the tape config- 

ture which is only partially filled with abradable materi- ured abradable material prior to insertion of the abrad- 
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able material into the honeycomb. In the figure, the 
honeycomb structure is supported on a substrate 1 and 
is typically attached thereto by brazing!' The honey- 
comb structure 2 consists of a continuation of hexagonal 
ceils 3 which are defined by thin metal walls 4. The cells 
3 are opened at the top and closed at the bottom by the 
substrate surface 5. The honeycomb structure 2 is 
joined to the substrate 1 by brazing at the junction be- 
tween the cell walls 4 and- the substrate surface 5. This 
braze junction appears in FIG. 1 but is deleted in subse- 
quent figures for clarity. Above this substrate cell struc- 
ture is shown a tape lO'which consists of the abradable 
portion 11 and the braze portion 12. As previously indi- 
cated, this tape is somewhat flexible and pjiable as a 
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have been obtained with a blend of approximately 50% 
glass micro-spheres and- rpom temperature vulcanizing 
rubber (RTV) appropriately cured. 

The following description of a specific process is 
intended to illustrate the invention but is not intended to 
limit the invention. It was desired to fill a honeycomb 
structure haying the cells of J inch in size which were 
about J inch deep. .The intended filler material Was that 
material described in U.S., Pat. No. 3,879,831. A compo- 
sition consisting of 30% by weight of the nickel chro- 
mium alloy (80% nick el -20% chromium) having a parti- 
cle size of minus 230. mesh and. 15% by weight of a 
cobalt-aluminum-yttrium alloy (30% cobalt, 69% alu- 
minum, 1% yttrium) having a particle size of minus 325 



consequence of the retained binder and plasticizer 15 Z ^ «^ i^^^^^^^ 

whinh will hp rpmnvpH cnhc.nn.nt Jnc.oii.L. .K. '"^'^ ^"^.^^^^ wcight of nickd coatcd diatomaccous 



which will be removed subsequent to installation of the 
tape-abradable in the honeycomb structure. 

FIG. 2 shows the same components as shown in FIG. 
1 after the tape-abradable material has been partially 
inserted into the honeycpmb structure. Also shown in 20 
FIG. 2 is a rubber strip 30 whose purpose is to insert and 
locate the composite abradable tape into the ^hoiiey- 
comb structure. In FIG. 2 the composite tape 10 has 
been forced into the honeycomb cell stiiicture 2 and the 
cell walls 4 of the honeycomb structure have cut the 25 
abradable composite tape cutting the tape into hexago- 
nal pieces which closely conform^ to the honeycomb 
cells. Insertion of the composite abradable tape into the 
honeycomb cell structure can be accomplished by using 
a flat plate or roller to force the material down into the- 30. 
individual honeycomb cells. The insertion tool used, 
whether a plate or roller should preferably "have some' 
resilience so as to ensure complete insertion of the tape 
into the cell structure and to minimize the possibility of 
damaging the individual cell walls 4 by the application 35; 
of excessive force. The rubber strip 30 is used to com- 
pletely insert the composite tape abradable material into 
the honeycomb cells. and to ensure that the abradable 
material is firmly seated at the bottom. of the individual 
cell segments. This is shown in FIG. 3. During the 40 
insertion process the, rubber strip 30 -is itself. cut by the 
cell walls 4 as was the. abradable tape during its initial 
insertion. An isostatic forcevis applied to the abradable. 
material by the rubber strip 30 which ensures that the 



earth (85% nickel, 15% diiatomaceous earth) was mixed 
and throughly blended in the dry state. This mixture 
represents the components which were to form the 
abradable material. A braze composition known as 
AMS 4778 (92% nickel, 3% boron, .4.5.% silicon) was 
provided for use.jn:.bonding .the abradable material to 
the substrate. The braze material was provided as a 
powder of minus 325 mesh size. Two tapes.were formed 
according to the ^process described in U:S. Pat. No. 
3, 293,072.' One tape was comprised of 75% by weight of 
the previously described abradable mixture and 25% by 
weight of the braze material. The thickness of this tape 
was less than 10 niils. The second tape was comprised 
completely of the abradable material and had a thick- 
ness of 40 mils. These two tapes were pressed together 
\yhile thiey were still in a' sticky conditibn ahd adhered 
to each other as a Consequence of the liquid binder 
which was piresent in each tap^. This abradable tape was 
placed over a honeycomb structure with the braze rich 
liayer facing the hpneycdfnb structure and was pressed 
into the honeycomb structure using z roller. A strip oif 
the previously described 'rubber material was then 
placed over the partially filled honeycpmb and the 
roller was then iised to force this rubber niaterial into 
the cells and consequently force the abradable tape 
material dowri to the bottbni of. th^ honeycomb cells. 
The rubber strip was removed, and the partially, filled 
honeycomb material was then baked at a temperature, of 



abradable material is firmly seated at the bottom of the 45. about 1200' F. for a pe^pd pf about 30 minutes to de- 
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compose, and evaporate or isublimate . the ..binder and 
plasticizer and was then heated at a higher temperature 
of about 1850" and 1950* F. for about 5 hours to melt the 
braze' material and cause the braze material to bond . to 
the substraie^siirface. . v 

FIG. 4 shows another eihbodiment of the invention in 
which, a tape of the same composition as previously 
described is used to completely fill a honeycomb struc- 
ture.. In this situation the. tape has a thickness which is 



cell structure so that the braze layer 12 at the bottom of 
the abradable tape 10 makes:. good. contact with the. 
surface 5 of the substrate 1. This good contact is neces- 
sary to ensure that a good braze joint is formed upon 
subsequent heating. Following the complete insertion of 50 
the. composite abradable tape into the .cell structure 
using the rubber strip, the strip 30 is then removed 
leaving the composite abradable material in the cell 

structure, If the rubber strip is not completely, removed .-. ^ r- - 

it will be decomposed during tHe heating which is per- 55- substantially equal to the height of the. honeycpmb cell 
fonned to remove the binder and. plasticizer and the structure and the tape is forced into the honeycomb cell 
heating which is necessary to . form the braze joint be- structure using the previously described roller or flat 
tween the braze layer 12 and the substrate surface 5. pressing plate. In this situation the tape structure is used 
Certain properties are necessary if the rubber material to ensure a uniform density of abradable material in 
which is used to form the strip 30 is to properly perform 60. each .cell structure and to assure that each cell structure 
its task of forcing the composite abradable tape down has a thin uniform layer of braze material at the bottom 
into the honeycomb cells. The material must be pliable of the cell. 

and compressible to a limited extent so that it can con^ ,. It should be understood that the invention is not lim- 
form to any irregularities of composite tape thickness ited to the particular embodiments shown and described 
which may occur. Most importantly the rubber material 65 .herein, but that various changes and modifications rfiay 
must have a relatively lo^v shear strength so that the be made without departing from the spirit and scope of 
honeycomb cell walls will easily and accurately cut this novel concept as defined by the following claims, 
their way into the rubber material. Adequate results I claiin: . 
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1. A method for filling a honeycomb structure com- 
prised of a plurality of cells having a predetermined 
depth with an abradable material including the steps of: 
a. providing a composite abradable preform consist- 
ing of a layer of powdered material containing a 
substantial amount of braze alloy, a second layer 
joined to the first layer comprising a powdered 
abradable composition, both of said layers also 
containing a binder and a plasticizer and being 
flexible and compliant said preform having a thick- 
ness which is less than the depth of the honeycomb 
cells; 



b. placing said preform on the honeycomb structure 
to be filled with the braze containing surface adja- 
cent the honeycomb; 

c. forcing the preform into the cells and using a dis- 
5 posable pliable material to force the preform into 

the cells braze containing surface contacts the bot- 
tom of the honeycomb cells heating the filled hon- 
eycomb to remove the binder and plasticizer and 
further heating to melt the braze material so as to 
10 bond the abradable material to the honeycomb 
structure. 
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[57] ABSTRACT 

Apparatus for impeding the leakage of a gaseous me- 
dium between the rotating and stationary components 
of a machine is disclosed. Various construction details 
which are specifically adapted for use in gas turbine 
engines are developed. Wide channel type sealing tech- 
niques are discussed in combination with honeycomb 
facing materials. 
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ture having low resistance to abrasion while maintain- 
ROTARY SEAL ing preferred structural characteristics. 

According to the present invention, a wide channel 
BACKGROUND OF THE INVENTION type seal between two components adapted for relative 

... 5 rotations is formed of a honeycomb cylindrical surface 

1. Field of the Invenuon component and a relatively smooth cylindrical 

This invenuon relates to rotary machin^ and pa^cu- P component wherein the cells of 

larly to wide chamiel type seals between the rotatmg honeycomb surface are Snted in the upstream di- 

and stationary components of a machine. ^^^^^ J.^ ^ ^^^^^ ^ 

-L Descnp ion of the Pnor Art accordance with one embodiment of the invention. 

Rotary seals are convenuonally disposed between tne * , 7^ . , - . ^ ..^♦u oK;^c;w^'mflf*» 
rotating and stationary components of a rotary machine the cylmdncal surface is coated 
to implie the leakage of a fluid medium therebetween. nal to encourage abi^ion without excessive local heat- 
Labyrinth seals are widely used with gaseous mediums ing of the opposing honeycomb material, 
to rLluce the kinetic energy of the leakage fluid by A primary feature of the present invention -s the ^^de 
throttling and expanding the medium. Labyrinth seals channel type seal which is disposed between the rotet- 
are formed of a sealing surface or land on one compo- ing and stationary components of a rotary machine. One 
nent and a restrictive ring on an opposing component of the channel forming members is fabncatt^d from a 
wherein the ring projects into close proximity with the honeycomb type material m which the cells of the hon- 
land. A plurality of restrictive rings are commonly re- eycomb are canted in the upstream direction with re- 
quired in series to effect sufficient energy dissipaUon, 20 ^^^^ leakage flow across the seal. In one embodi- 
In gas turbine engines labyrinth seals are typically ment, the opposing channel forming member is coated 
used to prevent the excessive leakage of air into the with an abrasive material. 

bearing compartments and to prevent the excessive a principal advantage of the present invention is 
leakage of air externally of the working medium flow improved resistance to leakage flow. Destructive inter- 
path from one engine stage to another. One construe- 25 fg^g^ce between the relatively rotating components is 
tion for sealing between adjacent stages in the turbine avoided through the use of the low density, honeycomb 
section of an engine is shown in U.S. Pat. No. 3.514, 1 12 material Improved resistance to cellular deformation ts 
to Pettengill entitled "Reduced Clearance Seal Con- {QyxnA. in at least one embodiment incorporating an abra- 
struction." A plurality of restrictive rings m Pettengill ^^^^ coating on the relatively smooth; cylindrical sur- 
project toward corresponding sealing surfaces. A throt- 30 Xv^x clearances are employable without fear of 
Ue aperture is formed between each ring and its corre- cellular deformation as the honeycomb .material 
spending sealing surface. An expansion chamber is abrades. Increased aerodynamic resistance to flow is 
formed between each pair of adjacent rings. Air leaking imposed against the leakage medium as strong local 
through the first throttle aperture flows through the ^^^^ are generated in the canted cells, 
downstream chambers and apertures to establish a sU- 35 foregoing, and other objects, features and advan- 

ble pressure differential across each ring of the laby- present invention will become more appar- 

rinth. . f • J ent in the light of the following detailed description of 

Labyrinth seaUng is an effective technique for imped- preferred embodiment thereof as shown in the ac- 

ing the flow of ^a. gaseous medium from a region of ^.^^i^ 
higher pressure in a gas turbine engine to a region of 40 J b 

lower pressure at , moderate clearance levels between BRIEF DESCRIPTION OF THE DRAWING 

relatively rotating components. Where a lesser clear- ^ ^ ^ sectional view taken through a , 

ance can be provided a ^^^JL^^^^^^f wide channel s^ constructed in accordance with the 

"wide channel seal," is more effective than the labyrmth ^^/T. invpntion- 

seal at an equivalent clearance. A wide ch^miel seal> 45 Pr^ent ^^emio^^^^ ^^^^ 

formed of two concentnc cylmdncal lands, one mte- IZ^^Z i„ piG 1- 

grally mounted with, the rotating component and one directional view of an alternate cell 

integrally mounted with the stationary component. The ^^^^^/^^^^^i^ ^he line 2-2 as shown; 
lands,are closely spaced in opposmg relationship to ^/''S?^?'! 

restrict the flow of the fluid medium between the two 50 FIG. 3 is an eniargea view oi me ar 

components by imposing frictional flow losses on the FIO.^; and comparative leakage char- 

medium. One of the lands conventionally is covered J^^^^;^*'^^^^^ ^ i^i,y^„th type seal and a wide 

::!^J^:^^ ^'^'^ '"^^^^ rrityST^ <.ns Jcted m^ccordance.with the 

Wide channel seals are less cosUy to manufacture and 55 present mvenuon. 

offer a weight saving when compared to labyrinth seals. DESCRIPTION OF THE PREFERRED 

Significant technical effort is being directed, therefore, EMBODIMENT 
to extendinE the clearance range of efifcctive wide chan- , - u :„ in^ i 

neS o n^c such seals suitable for use in engines A wide channel type seal 10 « shown m FIG 1 be- 
LT^^rances of varied dimensions. 60 tween relatively rotating componen^^^^^ 

" machine. The seal is formed between a rotating or rotor 

SUMMARY OF THE INVENTION assembly 12 and a stationary or stator assembly 14. A 

A primary aim of the present invention is to minimize cyUndrical seal land 16 having an 'abrasive coating^S 

thelSe of a fluid milium between the rotating and afTaed to the surface thereof is !°PP°rte*fbythe rotor 

sut 0^ elements of a rotary machine. Aerodynamic 65 X2. A cyUndrical honeycomb stnp 20 « attached to the 

to flow .in a seal which is effective over a stator 14 and radially opposes the ""j^f 

varied clearance dimension is sought In one aspect of land 16 to form an annular channel 22 therebetwe«u 

the hTvention. a specific object is to provide a seal slruc The seal separates a region of higher pressure 24 from a 



region of lower pressure 26. The honeycomb strip com- 
prises a multiplicity of individual cells 28- which are 
open to the channel 22. The celts are canted in (he 
direction of the higher pressure region 24 to an angle 0 
and are constructed with a cell width W as is shown in 
FIG. 3. 

During the operation of a machine in which the wide 
channel seal 10 is incorporated, the pressure differential 
between the higher pressure region 24 and the lower 
pressure region 26 causes the fluid in the higher pres- 
sure region to flow through the annular channel 22, 
Strong local vortices are generated within each cell 28 
as the fluid passes the cell openings. The vortices extend 
into the channel 22 to cause circumferential deflection 
of the flowing fluid. The circumferential deflection 
imposes a substantial increase in the pressure drop 
across the channel when compared to a seal construc- 
tion conflning pure axial flow. 

The cells are canted into an angle 0 in the direction of 
the higher pressure region 24. Canting the cells encour- 
ages the formation of the vortices by orienting the cell 
walls at an angle to the approaching flow. In one con- 
struction an angle 6 of approximately forty-five degrees 
(45*) was found to be particularly effective although a 
substantial deviation on either side of forty-five degrees 
(45*) is expected to produce improved resistance to 
flow when compared to wide channel honeycomb seal 
structures having cells which are oriented perpendicu- 
larly to the flow through the channel. 

The honeycomb cells shown in the drawing have a 
diamond shaped cross section as viewed in FIG. 2 from 
the axis of the seal. The diamond shape is representative 
of cell patterns in which the vortex generating cavities 
are staggered with respect to the flow through the 
channel. The staggered cell pattern increases the im- 
pending effect of each vortice over, the effect that is 
obtainable with axially aligned vortices. Other stag- 
gered geometries such as one employing the hexagonal 
cross section of FIG. 2A are correspondingly effective. 
The concepts disclosed herein, however, are not exclu- 
sively limited to staggered geometries. 

Tight clearance control between the relatively rotat- 
ing components of a machine is obtainable with appara- 
.tus constructed in accordance with the concepts taught 
herein. The honeycomb structure has a very low den- 
sity and is abradable during operation of the machine. 
The initial channel width Y, as shown in FIG, 1, is set 
. at less than the expected relative radial excursion of the 
rotor 12 so that at the condition of maximum excursion 
the seal land 16 abrades the outer portion of the honey- 
comb strip 20 to provide a zero (0) clearance at maxi- 
mum rotor excursion. 

. Damage to the honeycomb structure during interfer- 
ence between the strip 20 and the land 16 is minimized 
on one construction wherein the abrasive coating 18 is 
affixed to the inwardly facing surface of the land 16. 
The abrasive coating severs the interfering honeycomb 
from the remaining structure to avoid the deformation 
of material into the cell openings and the resultant de- 
crease in the strength of the vortices generated by the 
deformed structure. Silicon carbide and aluminum 
oxide have been found to be effective abrasive materi- 
als, although, other coatings having similar qualities are 
expected to produce comparable results. 

The depth D of the individual cells is optimized for 
each cell width W to provide a structure which gener- 
ates strong local vortices. For a cell width of one quar- 
ter (\) of an inch, a depth of approximately one hundred 
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thousandths (0.100) of an inch is effective. For a cell 
width of one eighth (i) of an inch, a depth of approxi- 
mately sixty thousandths (0.060) of an inch is effective. 
The FIG. 4 graph demonstrates the decreased leak- 

5 age rate of a honeycomb wide channel type seal having 
cells canted in accordance with the present invention 
when compared to a honeycomb land labyrinth type 
seal having four restrictive rings. Both seals have an 
overall axial length of two (2) inches and separate re- 

10 gions having a pressure ratio of 1.5 therebetween. As is 
discernible from the graph, the wide channel seal exhib- 
its dramatically improved sealing effectiveness at clear- 
ances less than fifty thousandths (0.050) of an inch. 
Although the invention has been shown and de- 

15 scribed with respect to a preferred embodiment thereof, 
it should be understood by those skilled in the art that 
various changes and omissions in the form and detail 
thereof may be made therein without departing from 
the spirit and the scope of the invention. 

20 Having thus described a typical embodiment of my 
invention, that which I claim as new and desire to se- 
cure by Letters Patent of the United States is: 

1. In combination with the rotor and stator assemblies 
of a rotary machine, a seal structure for impeding the 

25 leakage of a gaseous medium between said assemblies 
wherein said structure comprises a cylindrical seal land 
extending from the rotor assembly and a cylindrical 
honeycomb faced land extending from the stator assem- 
bly into close proximity with the seal land of the rotor 

30 assembly forming, therewith, an annular channel sepa- 
rating the rotor and stator assemblies of the machine, 
said honeycomb material having a multiplicity of cells 
which are canted in the upstream direction with respect 
to the anticipated direction of flow through the channel 

35 during operation of the niachine to encourage the gen- 
eration of local vortices within the channel for imped- 
ing said leakage of gaseous medium between the rotor 
and stator assemblies. 

2. The invention according to claim 1 wherein the 
40 cells of the honeycomb material are canted to an angle 

of forty-five degrees (45°) with respect to said antici- 
pated direction of flow. 

3. The invention according to claim 1 wherein said 
seal land of the rotor assembly has a relatively smooth 

45 cylindrical surface, 

4. The invention according to claim 1 wherein said 
formed annular channel has an axial length of approxi- 
mately two inches. 

5. The invention according to claim 1 vyherein said- 
50 cells of the honeycomb material have a depth of approx- 
imately one hundred thousandths (0.100) of an inch and 
a cell width of approximately two hundred fifty thou- 
sandths (0.250) of an inch. 

6. The invention according to claim 1 wherein said 
55 cells of the honeycomb material have a depth of approx- 
imately sixty thousandths (0.060) of an inch and a cell 
width of approximately one hundred twenty-five thou- 
sandths (0.125) of an inch. 

7. The invention according to claim 1 wherein said 
60 cells of the honeycomb material have a diamond shape. 

8. The invention according to claim 1 wherein said 
cells of the honeycomb material have a hexagonal 
shape. 

9. The invention according to claim 1 wherein said 
65 seal land has affixed thereto an abrasive coating which 

is adapted to wear the honeycomb land upon interfer- 
ence rather than deform the honeycomb cellular struc- 
ture. 
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10. The invention according to claim 9 wherein said 
abrasive coating includes silicon carbide. 

11. The invention according to claim 9 wherein said 
abrasive coating includes aluminum oxide, 

12. A seal structure for impeding the leakage of a 
gaseous medium within a turbine engine from a region 
of higher pressure to a region of lower pressure, com- 
prising: 

a first cylindrical seal land; and 

a second cylindrical seal land which radially opposes 
said first land forming an annular channel therebe- 
tween which axially separates the region of higher 
pressure from the region of lower pressure, and 
wherein the second land has affixed thereto a hon- 
eycomb material so oriented as to cant the cells of 
the honeycomb material in the direction of the 
higher pressure region. 
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13. The invention according to claim 12 wherein the 
cells of the honeycomb material have a diamond shaped 
cross section including a cell width of approximately 
one quarter (i) of an inch and a cell depth of approxi- 

5 mately one tenth ( 1/ 10) of an inch and wherein the cells 
are canted to an angle of apprpximately forty-five de- 
. grees (45*) in the direction of the higher pressure re- 
gion. 

14. The invention according to claim 12 wherein said 
10 seal land has affixed thereto an abrasive coating which 

is adapted to wear the honeycomb land upon interfer- 
ence rather than deform the honeycomb cellular struc- 
ture, 

15. The invention according to claim 14 wherein said 
15 abrasive coating includes silicon carbide. 

16. The invention according to claim 14 wherein said 

abrasive coating includes aluminum oxide. • 
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evidence to the contrary. Applicant is advised of the obhgation under 37 CFR 1 .56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the appHcability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 
5. Claims 1-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over McComas in 
view of Shiembob, Ryan, or Ackerman. 

McComas discloses the invention substantially as claimed including the inherent step of 
having the liquid stream striking the substrate at the base of the coating 1 (analogous to the 
claimed honeycomb) due to, inter alia, the relative motion between the component and the liquid 
stream 5 and the fact that McComas removes both the coating and the bond coating 2 (analogous 
to the claimed braze) simultaneously. See Figs. I-IA, c, 1,1 19 - c. 3, 1. 66. Although 
McComas lacks a honeycomb as the form of the coating, McComas does teach that the method 
encompasses removal of abradable seals which are used in gas turbine engines. See Id., c. 1, 11. 
19-25. Regarding the honeycomb, Shiembob, Ryan, and Ackerman all teach that a honeycomb, 
braze, and substrate is a well known abradable seal in the art for gas turbine engines. More 
specifically, Shiembob teaches an insulated honeycomb seal for gas turbine engines comprising a 
honeycomb 2 that is inherently brazed onto a substrate 18. See whole patent. Ryan teaches 
another abradable seal for gas turbine engines comprising a honeycomb 2 brazed onto a substrate 
1 . See whole patent. Ackerman teaches a further example of an abradable seal comprising a 
honeycomb 28 which is inherently brazed onto a substrate (not designated by reference but see 
Fig. 1). See whole patent. Thus, it would have been obvious to the ordinary artisan at the time 
of the instant invention to provide the method of McComas with the honeycomb as taught by 



Application/Control Number: 08/327,744 Page 4 

Art Unit: 3724 

either Shiembob, Ryan, or Ackerman in order to facilitate the removal of the same from the 
substrate during maintenance, since as noted above, the honeycomb is another form of an 
abradable seal that is a "coating" for which McComas method is to be applied. 
6. Claims 1-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over Shiembob, 
Ryan, or Ackerman in view of McComas. 

Shiembob, Ryan, or Ackerman all disclose various forms of abradable seals for gas 
turbine engine comprising a honeycomb, braze, and substrate structure. See Id. However, none 
of these references teach the method of-removal of the honeycomb and braze -from-t he-substrate: — 
In that regard, McComas teaches that it is common practice in the art to perform routine engine 
maintenance which frequently requires removal of coatings in the abradable seals. See Id,^ c. 1, 
11. 60-67. McComas specifically teaches a method of removing a coating 1 and bond coating 2 
that is an abradable seal from a substrate comprising all the method steps claimed, i.e. flow, 
pressure, and angle of the liquid stream 5, including the inherent stdp of having the liquid stream 
striking the substrate at the base of the coating, since, inter aiia, this striking position is the 
obvious position that facilitates simultaneous removal of the coating and bond coating from the 
substrate, this method facilitating easy removal without damaging the substrate. Thus, it would 
have been obvious to the ordinary artisan at the time of the instant invention to apply the liquid 
removal method of McComas to the abradable honeycomb seals of either Shiembob, Ryan, or 
Ackerman in order to facilitate easy removal of the honeycomb and braze without damaging the 
substrate whenever maintenance requires the same, since as taught by McComas, abradable seals 
is just another form of coating that is subject to removal of the same during maintenance. 
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Response to Arguments 

7. Applicant's arguments with respect to claims 1-8 have been considered but are moot in 
view of the new ground(s) of rejection. 

Conclusion 

8. Applicant's submission of an information disclosure statement under 37 CFR 1.97(c) with 
the fee set forth in 37 CFR 1 . 17(p) on May 21, 1996 (Paper No. 9) prompted the new ground(s) 
of rejection presented in this Office action. Accordingly, THIS ACTION IS MADE FINAL. 
See MPEP § 609(B)(2)(i). Applicant is reminded of the extension of time policy as set forth in 
37 CFR 1,1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.1 36(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Charles Goodman whose telephone number is (703) 308-0501. 
The examiner can normally be reached on Monday-Thursday between 7:30 AM to 6:00 PM 
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EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Rinaldi Rada, can be reached on (703) 308-2187. The fax phone number for this 
Group is (703) 305-3579, 

Communications via Internet e-mail regarding this application, other than those under 35 
U.S.C. 132 or which otherwise require a signature, may be used by the applicant and should be 

addressed to [rinaldi.rada@uspto,gov]. 

All Internet e-mail communiGations wdll—be— made- of— record- - 
in the application file. PTO employees do not engage in Internet 
communications where there exists a possibility that sensitive 
information could be identified or exchanged unless the record 
includes a properly signed express waiver of the confidentiality 
requirements of 35 U.S.C. 122. This is more clearly set forth in 
the Interim Internet Usage Policy published in the Official 
Gazette of the Patent and Trademark on February 25, 1997 at 1195 
OG 89, 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the Group receptionist whose telephone number is (703) 308-1 148. 




Charles Goodman 
Patent Examiner 
AU 3724 



August 10, 2000 





Rinaldi I. Rada 
Supervisory Patent Examiner 
Group 3700 
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DECISION ON AP PEAL 



This is an" appeal from the final rejection of claims 1 



<I9 



through 8, all of the claims in the application. 



Appellants' invention pertains to a method for removing 
honeycomb and braze from a substrate. A basic understanding of 
the invention can be derived from a reading of exemplary claim 1, 
a copy of which appears as EXHIBIT C attached to the main brief 
(Paper No. 30) . 
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As evidence of obviousness, the examiner has applied the 



documents listed below: 



Ackermann 
Ryan 

Shiembob 
McComas et al 
(McComas) 



4,218, 066 
4,409,054 
4,433,845 
5, 167, 721 



Aug, 19, 1980 

Oct. 11, 1983 

Feb. 28, 1984 

Dec. 1, 1992 



""The"" 'fcrro wing rejections are before us for review. 

Claims 1 through 8 stand rejected under 35 U.S.C. § 103(a) 
as being unpatentable over McComas in view of Shiembob, Ryan, or 
Ackermann . 

Claims 1 through 8 stand rejected under 35 U.S.C. § 103(a) 
as being unpatentable over Shiembob, Ryan, or Ackermann in view 
of McComas. 

The full text of the examiner's rejections and response to 
the argument presented by appellants appears in the answer (Paper 
No. 32), while the complete statement of appellants' argument can 
be found in the main and reply briefs (Paper Nos . 30 and 35) . 
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OPINION 



In reaching our conclusion on the issues raised in this 
appeal, this panel of the Board has carefully considered 
appellants' specification and claims, the applied teachings/ the 
declaration of Clifford V. Mitchell (EXHIBIT E attached to main 
brief) , and the respective viewpoints of appellants and the 



examiner. As a consequence of our review, we make the 
determination which follows. 



We do not sustain the respective rejections of appellants' 
claims under 35 U.S.C. § 103(a), for the reasons addressed below. 



Independent claim 1 is drawn to a method for removing 
honeycomb and braze from a substrate, said honeycomb having a 
base and a ribbon direction, comprising, inter alia , a liquid 



^ In our evaluation of the applied prior art, we have 
considered all of the disclosure of each document for what it 
would have fairly taught one of ordinary skill in the art. See 
In re Boe, 355 F.2d 961, 965, 148 USPQ 507, 510 (CCPA 1966). 
Additionally, this panel of the board has taken into account not 
only the specific teachings, but also the inferences which one 
skilled in the art would reasonably have been expected to draw 
from the disclosure. See In re Preda , 401 F.2d 825, 826, 
159 USPQ 342, 344 (CCPA 1968). 
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stream striking the substrate at the base of the honeycomb, 
thereby removing the honeycomb and braze from the substrate. 

At the outset, we note that the examiner has clearly 
expounded the basis for each rejection on appeal, and thoroughly 
addressed the arguments of appellants in the answer. However, 
for the reasons set forth, infra, the rejections cannot be 
sustained . 

From our perspective, the combined teachings of the applied 
prior art, understood in light of the acknowledged background in 
the art (appellants' specification, page 1), would have been 
suggestive to one having ordinary skill of removing honeycomb and 
braze from a substrate by directing a liquid stream at the top of 
the honeycomb until the braze is exposed. The motivation for 
practicing the latter method would have been the teaching of 
McComas, in particular, in explicitly revealing liquid jet 
erosion as a viable alternative that does not result in substrate 
damage, the consequence of other known removal techniques. The 
deficiency, however, in the rejections before us is clearly seen 
to be the lack of any suggestion in the applied prior art 
teachings for the claimed recitation of a liquid stream "striking 
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the substrate at the base of the honeycomb." The examiner's 
attempt (answer, pages 21 through 24) to overcome the noted 
deficiency by reliance upon the skill in the art simply does not 
provide a sound evidentiary basis for concluding that appellants' 
claimed method would have been obvious. In other words, only 
appellants' disclosure, and not the applied prior art before us, 
teaches and would have been suggestive of a liquid stream 
striking a substrate at the base of honeycomb, as now claimed, 

REMAND TO THE EXAMINER 

We remand this application to the examiner to consider the 
^patentability of the claimed subject matter under 35 U.S.C. § 103 
based upon the acknowledged prior art (appellant's specification, 
page 1) or like patents in view of the McComas patent and, for 
example, a patent to Carr.^ Carr (Fig. 2) appears to teach an 
alternative optimal path of media flow in the art (column 4, 
lines 55 through 66) . 



^ U.S. Patent No. 4,731,125, issued Mar, 15, 1988, and of 
record in the application. 



5 



Appeal No. 2002-1033 
Application No. 08/327,744 

In summary, this panel of the Board has not sustained the 
rejections on appeal. Further, we have remanded the application 
to the examiner to review the matter discussed above. 

The decision of the examiner is reversed. 



REVERSED AND REMANDED 



IRWIN CHARLES COHEN 
Administrative Patent Judge 




NEAL E. ABRAMS 
Administrative Patent Judge 



CHARLES E. FRANKFORT^ 
Administrative Patent Judge 
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